In vivo Paramecium mutants show that calmodulin orchestrates membrane responses to stimuli.
Paramecium generates a Ca2+ action potential and can be considered a one-cell animal. Rises in internal [Ca2+] open membrane channels that specifically pass K+, or Na+. Mutational and patch-clamp studies showed that these channels, like enzymes, are activated by Ca(2+)-calmodulin. Viable CaM mutants of Paramecium have altered transmembrane currents and easily recognizable eccentricities in their swimming behavior, i.e. in their responses to ionic, chemical, heat, or touch stimuli. Their CaMs have amino-acid substitutions in either C- or N-terminal lobes but not the central helix. Surprisingly, these mutations naturally fall into two classes: C-lobe mutants (S101F, I136T, M145V) have little or no Ca(2+)-dependent K+ currents and thus over-react to stimuli. N-lobe mutants (E54K, G40E+D50N, V35I+D50N) have little or no Ca(2+)-dependent Na+ current and thus under-react to certain stimuli. Each mutation also has pleiotropic effects on other ion currents. These results suggest a bipartite separation of CaM functions, a separation consistent with the recent studies of Ca(2+)-ATPase by Kosk-Kosicka et al. [41, 55]. It appears that a major function of Ca(2+)-calmodulin in vivo is to orchestrate enzymes and channels, at or near the plasma membrane. The orchestrated actions of these effectors are not for vegetative growth at steady state but for transient responses to stimuli epitomized by those of electrically excitable cells.